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FIG. 15A F1G. 158
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1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2018-0240477,
filed on Feb. 14, 2018; the entire contents of which are

incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor device.

BACKGROUND

A semiconductor device such as MOSFET (Metal Oxide
Semiconductor Field Effect Transistor) 1s used as a switch-
ing device. MOSFET includes a parasitic bipolar transistor.
I1 this parasitic transistor operates, there 1s a possibility that
the semiconductor device 1s destroyed. Therefore, 1t 1s
desired that the parasitic transistor 1s diflicult to operate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view showing a semiconductor device
according to a first embodiment;

FIG. 2 1s an A-A' cross-sectional view of FIG. 1;

FIGS. 3A and 3B are a B-B' cross-sectional view and a
C-C' cross-sectional view of FIG. 1;

FIGS. 4A to 4D are process cross-sectional views show-
ing a manufacturing process of the semiconductor device
according to the first embodiment;

FIGS. 5A to 5D are process cross-sectional views show-
ing a manufacturing process of the semiconductor device
according to the first embodiment;

FIGS. 6A to 6D are process cross-sectional views show-
ing a manufacturing process of the semiconductor device
according to the first embodiment;

FIGS. 7A to 7C are circuit diagrams 1llustrating electric
circuits to which the semiconductor device according to the
first embodiment 1s connected;

FIG. 8 1s a graph showing a current and a voltage in the
semiconductor device 1n the electric circuit shown in FIG. 7;

FIG. 9 1s a plan view schematically showing a flow of a
hole 1n the semiconductor device according to the first
embodiment;

FIG. 10 1s a plan view showing a semiconductor device
according to a variation of the first embodiment;

FIG. 11 1s an A-A' cross-sectional view of FIG. 10;

FIG. 12 15 a plan view showing a semiconductor device
according to a second embodiment;

FIGS. 13A and 13B are an A-A' cross-sectional view and
a B-B' cross-sectional view of FIG. 12;

FIG. 14 1s a C-C' cross-sectional view of FIG. 12;

FIGS. 15A to 15D are plan views showing a portion of the
semiconductor device according to the first embodiment and
plan views showing a portion of the semiconductor device
according to the second embodiment; and

FIG. 16 1s a plan view showing a semiconductor device
according to a third embodiment.

DETAILED DESCRIPTION

According to one embodiment, a semiconductor device
includes a first electrode, a first semiconductor region, a
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2

second semiconductor region, a third semiconductor region,
a second electrode, a gate electrode, a first conductive part,
and a second conductive part. The first semiconductor region
1s provided on the first electrode. The first semiconductor
region ncludes a first region and a second region surround-
ing the first region. The first semiconductor region 1s of a
first conductivity type. The second semiconductor region 1s
provided on the first region. The second semiconductor
region 1s of a second conductivity type. The third semicon-
ductor region 1s provided on the second semiconductor
region. The third semiconductor region 1s of the first con-
ductivity type. The second electrode 1s provided on the third
semiconductor region. The second electrode 1s electrically
connected to the second semiconductor region and the third
semiconductor region. The gate electrode opposes the sec-
ond semiconductor region via a gate insulating part 1n a
second direction perpendicular to a first direction from the
first region toward the second semiconductor region. The
first conductive part 1s provided on the second region via a
first insulating part and electrically connected to the second
clectrode or the gate electrode. The first conductive part 1s
provided 1n a plurality 1 a third direction perpendicular to
the first direction and the second direction. The plurality of
first conductive parts are separated one another. The first
conductive parts are arranged with the gate electrode 1n the
second direction. The second conductive part 1s electrically
connected to the second electrode or the gate electrode. The
second conductive part 1s provided on the second region via

a second insulating part. The second conductive part is
arranged with the gate electrode and the first conductive
parts 1n the third direction.

Embodiments of the invention will now be described with
reference to the drawings.

The drawings are schematic or conceptual; and the rela-
tionships between the thicknesses and widths of portions,
the proportions ol sizes between portions, etc., are not
necessarily the same as the actual values thereof. The
dimensions and/or the proportions may be 1llustrated difler-
ently between the drawings, even in the case where the same
portion 1s illustrated.

In the drawings and the specification of the application,
components similar to those described thereinabove are
marked with like reference numerals, and a detailed descrip-
tion 1s omitted as appropriate.

In the following descriptions and drawings, notations of
n*,n,n” and p™, p, p~ represent relative height of an impurity
concentration in conductive types. That 1s, the notation with
“+” shows a relatively higher impurity concentration than an
impurity concentration for the notation without any of “+”
and “-”. The notation with “-” shows a relatively lower
impurity concentration than the impurity concentration for
the notation without any of them.

The embodiments described below may be implemented
by reversing the p-type and the n-type of the semiconductor
regions.

First Embodiment

FIG. 1 1s a plan view showing a semiconductor device
according to a first embodiment.

FIG. 2 1s an A-A' cross-sectional view of FIG. 1.

FIGS. 3A and 3B are a B-B' cross-sectional view and a
C-C' cross-sectional view of FIG. 1.

FIG. 1 shows a cut plane at a position of a D-D' line of
FIG. 2. The respective semiconductor regions are omitted 1n

FIG. 1.
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A semiconductor device 100 1s, for example, MOSFET.
As shown i1n FIG. 1 to FIG. 3B, the semiconductor device
100 includes an n™-type (first conductivity type) semicon-
ductor region 1 (first semiconductor region), a p-type (sec-
ond conductivity type) base region 2 (second semiconductor
region), an n -type source region 3 (third semiconductor
region), a p'-type contact region 4 (fourth semiconductor
region), an n"-type drain region 5 (fifth semiconductor
region), a field plate electrode (hereinatter, referred to as FP
clectrode) 10 a gate electrode 14, a first conductive part 21,
a second conductive part 22, a drain electrode 41 (first
clectrode), a source electrode 42 (second electrode), and a

gate pad 43 (third electrode).

An XYZ orthogonal coordinate system 1s used in the
description of the embodiment. A direction from a first
region la of the n™-type semiconductor region 1 toward the
p-type base region 2 1s taken as a Z-direction (first direc-
tion). Two directions perpendicular to the Z-direction and
orthogonal each other are taken as an X-direction (second
direction) and a Y-direction (third direction). For descrip-
tion, a direction from the first region 1a toward the p-type
base region 2 1s referred to as “upward”, and the opposite
direction 1s referred to as “downward”. These directions are
based on a positional relationship between the first region 1a
and the p-type base region 2, and are unrelated to a direction
ol gravity.

FIG. 1 shows the source electrode 42 and the gate pad 43
by broken lines. As shown 1n FIG. 1, the source electrode 42
and the gate pad 43 are provided on an upper surface of the
semiconductor device 100, and separated each other. The FP
clectrode 10, the gate electrode 14, the first conductive part
21, and the second conductive part 22 are provided under the
source electrode 42.

As shown 1n FIG. 2, the drain electrode 41 1s provided on
a lower surface of the semiconductor device 100. The
n*-type drain region 5 is provided on the drain electrode 41
and electrically connected to the drain electrode 41. The
n~-type semiconductor region 1 is provided on the n™-type
drain region 5. The n™-type semiconductor region 1 includes
the first region 1a and a second region 15 surrounding the
first region 1a. A direction from the first region 1a toward the
second region 15 1s perpendicular to the Z-direction. The
p-type base region 2 1s provided on the first region 1a. The
n~-type source region 3 and the p*-type contact region 4 are
provided on the p-type base region 2.

The FP electrode 10 1s provided on the first region 1a via
an 1nsulating part 11. The gate electrode 14 1s provided on
the FP electrode 10 via an insulating part 12. The gate
clectrode 14 opposes at least a portion of the n -type
semiconductor reglon 1, the p-type base region 2, or the

n*-type source region 3 via a gate 1nsulat1ng part 15 in the
X-direction. An insulating part 35 1s provided on the gate
clectrode 14. The gate electrode 14 1s electrically connected
to the gate pad 43.

A portion of the source electrode 42 1s provided in the
insulating part 35 and is electrically connected to the n™-type
source region 3 and the p™-type contact region 4. In the
example shown i FIG. 2, the p™-type contact region 4 1s
positioned below the n™-type source region 3. The n™-type
source region 3 1s arranged with a portion of the source
clectrode 42 1n the X-direction. A potential of the source
clectrode 42 1s, for example, set to a ground. The gate
clectrode 14 and the source electrode 42 are electrically
isolated by the insulating part 35. The FP electrode 10 1s
clectrically connected to the source electrode 42 or the gate
clectrode 14 (gate pad 43).
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Each of the p-type base region 2, the n™-type source
region 3, the p™-type contact region 4, the FP electrode 10,
and the gate electrode 14 1s provided multiply 1n the X-di-
rection on the first region 1a, and extends 1n the Y-direction.

As shown i FIG. 1, the first conductive part 21 1is
provided multiply in the Y-direction. The multiple first
conductive parts 21 are separated one another. The multiple
first conductive parts 21 are arranged with the gate elec-
trodes 14 1n the X-direction. In the example of FIG. 1, the
first conductive part 21 1s further provided multiply in the
X-direction. The multiple gate electrodes 14 are positioned
between a portion of the multiple first conductive parts 21
and another portion of the multiple first conductive parts 21
in the X-direction.

The second conductive part 22 extends 1n the X-direction.
The second conductive part 22 1s arranged with the multiple
gate electrodes 14 and the multiple first conductive parts 21.
In the example of FIG. 1, the second conductive part 22 1s
provided multiply 1n the Y-direction. The multiple gate
clectrodes 14 and the multiple first conductive parts 21 are
positioned between the second conductive part 22 and the
other second conductive part 22.

The multiple first conductive parts 21 and the multiple
second conductive parts 22 are provided only under the
source electrode 42 1n order not to be positioned under the
gate pad 43, for example.

As shown i FIG. 2, the first conductive part 21 1s
provided on the second region 15 via the first insulating part
31. The first conductive part 21 opposes a portion of the
n~-type semiconductor region 1 via the first insulating part
31 m the X-direction and the Y-direction. The first conduc-
tive part 21 1s, for example, electrically connected to the
source electrode 42. Alternatively, the first conductive part
21 may be electrically connected to the gate electrode 14 and
the gate pad 43.

For example, a fourth conductive part 24 1s provided 1n
the first insulating part 31 between the first conductive part
21 and the p-type base region 2. The fourth conductive part
24 1s separated from the first conductive part 21 1n the
X-direction. For example, a length 1in the X-direction of the
fourth conductive part 24 1s shorter than a length in the
X-direction of the first conductive part 21. A length in the
Z-direction of the fourth conductive part 24 1s shorter than
a length 1n the Z-direction of the first conductive part 21. A
potential of the fourth conductive part 24 1s, for example,
floating. Alternatively, the fourth conductive part 24 may be
clectrically connected to the source electrode 42.

As shown 1n FIG. 3A and FIG. 3B, the second conductive
part 22 1s provided on the second region 15 via a second
insulating part 32. The second conductive part 22 opposes a
portion of the n™ -type semiconductor region 1 via the second
insulating part 32 1n the X-direction and the Y-direction. The
second conductive part 22 1s, for example, electrically
connected to the source electrode 42. Alternatively, the
second conductive part 22 may be electrically connected to
the gate electrode 14 and the gate pad 43.

For example, as shown in FIG. 3A and FIG. 3B, the first
conductive part 21 and the second conductive part 22 are
continuously connected. The first insulating part 31 and the
second 1nsulating part 32 are continuously connected.

On example of maternals of constituent components of the
semiconductor device 100 will be described.

The n™-type semiconductor region 1, the p-type base
region 2, the n™-type source region 3, the p*-type contact
region 4, and the n™-type drain region 5 include silicon,
silicon carbide, gallium nitride, or gallium arsenide as a
semiconductor material. In the case where silicon 1s used as
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the semiconductor material, arsenic, phosphorous, or anti-
mony can be used as an n-type impurity. Boron can be used
as a p-type impurity.

The FP electrode 10, the gate electrode 14, the first
conductive part 21, and the second conductive part 22
include a conductive material such as polysilicon.

The insulating part 11, the insulating part 12, the gate
insulating part 15, the first insulating part 31, and the second
insulating part 32 include an insulating material such as
s1licon oxide.

The drain electrode 41, the source electrode 42, and the
gate pad 43 include a metal such as aluminum.

The operation of the semiconductor device 100 will be
described.

If a voltage not less than a threshold value 1s applied to the
gate electrode 14 1n a state 1n which a positive voltage to the
source electrode 42 1s applied to the drain electrode 41, a
channel (1nversion layer) 1s formed at the gate mnsulating part
15 vicinity of the p-type base region 2, and the semicon-
ductor device 100 turned into an ON state. Electrons flow
from the source electrode 42 to the drain electrode 41
through this channel. After that, when the voltage applied to
the gate electrode 14 becomes lower than the threshold
value, the channel 1n the p-type base region 2 disappears,
and the semiconductor device 100 turns mnto an OFF state.

On example of a method for manufacturing the semicon-
ductor device 100 will be described.

FIG. 4A to FIG. 6D are process cross-sectional views
showing a manufacturing process of the semiconductor
device according to the first embodiment.

FIG. 4A to FIG. 6D show the manufacturing process of a
portion corresponding to A-A' cross section of FIG. 1.

Firstly, a semiconductor substrate S including an n*-type
semiconductor region 3m and an n -type semiconductor
region 1m 1s prepared. The n™-type semiconductor region 1m
is provided on the n*-type semiconductor region 5Sm.
Trenches T1 and T2 are formed on an upper surface of the
n~-type semiconductor region 1m by using a photolithogra-
phy method and an RIE (Reactive Ion Etching) method as
shown 1 FIG. 4A. The trench T1 1s formed multiply 1n the
X-direction. The respective trenches T1 extend 1n the Y-di-
rection. The trench T2 1s formed multiply 1n the Y-direction.
A dimension in the X-direction of the trench 12 1s longer
than a dimension in the X-direction of the trench T1. The
trench 11 1s a trench for forming the FP electrode 10 and the
gate electrode 14. The trench T2 is a trench for forming the
first conductive part 21. In addition, i this process, a
not-shown trench for forming the second conductive part 22
1s formed.

The semiconductor substrate S 1s thermally oxidized, and
an insulating layer 11m 1s formed along a surface of the
n~-type semiconductor region 1m. As shown in FIG. 4B, a
conductive layer 10 with which the trenches 11 and T2 are
filled 1s formed on the 1nsulating layer 11m by using a CVD
(Chemical Vapor Deposition) method.

As shown 1n FIG. 4C, a portion of the conductive layer
102 1s removed and thus multiple conductive layers 10
separated one another are formed. The conductive layer 10
formed 1n the trench T2 1s covered with a not shown mask.
As shown 1n FIG. 4D, a portion of the conductive layer 107
tformed 1n the trench T1 i1s removed. The conductive layer
102 remained in the trench T1 corresponds to the FP
clectrode 10. The conductive layer 10z remained in the
trench T2 corresponds to the first conductive part 21.

Outer circumierence including the trench T2 of the semi-
conductor substrate S 1s covered with a not shown mask. As
shown 1n FIG. SA, a portion of the msulating layer 11m 1s
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removed by wet etching. Thereby, a portion of an inner
surface of the trench T1 and a portion of an inner surface of
the trench T2 are exposed. The semiconductor substrate S 1s
tflermally oxidized, and an insulating part 15 1s formed on
the 1nner surface of the trench T1, the inner surface of the
trench T2, and a surface of the ﬁrst conductive part 21. The
1nsulat1ng part 15m 1s thinner than the insulating layer 11m.
An msulating layer 12 1s formed on an upper surface of the
FP electrode 10.

As shown 1n FIG. 5B, a conductive layer 14m with which
the trenches 11 and 12 are filled 1s formed on the mnsulating
part 15m. A portion of the conductive layer 14m 1s removed
by using a CDE (Chemical Dry Etching) method or the RIE
method. Thereby, as shown 1n FIG. 5C, multiple conductive
layers are formed to be provided in the trench T1 and the
trench 12, respectively. The conductive layer formed 1n the
trench T1 corresponds to the gate electrode 14. The con-
ductive layer formed in the trench T2 corresponds to the
fourth conductive part 24.

The p-type mmpurity 1s 1on-implanted between the
trenches T1 and between the trenches T1 and T2, and a
p-type semiconductor region 2m 1s formed. The n-type
impurity 1s 1on-implanted onto a surface of the p-type
semiconductor region 2m between the trenches T1, and an
n'"-type semiconductor region 3m 1s formed. As shown in
FIG. 5D, an msulating layer 35m covering the gate electrode
14 and the fourth conductive part 24 1s formed.

A photoresist PR 1s formed on the insulating layer 35m.
As shown in FIG. 6A, multiple openings OP1 and an
opening OP2 are formed in the photoresist PR. A portion of
the insulating layer 35m 1s exposed through the multiple
openings OP1 and the opening OP2. The multiple openings
OP1 are positioned immediately above the multiple p-type
semiconductor region 2m, respectively. The opening OP2 1s
positioned immediately above the first conductive part 21.

Multiple openings OP3 and an opening OP4 are formed
by using the photoresist PR as a mask. The respective
openings OP3 pierce the msulating layer 35m, the imsulating
part 15m, and the n™-type semiconductor region 3m, and
reach the p-type semiconductor region 2m. The openming OP4
pierces the insulating layer 35m and the isulating part 15m.
The photoresist PR 1s removed, and the p-type impurity 1s
ion-implanted to a bottom of the opening OP3. Thereby, as
shown in FIG. 6B, the p™-type contact 4 is formed. The
p-type semiconductor region 2m other than the p*-type
contact region 4 corresponds to the p-type base region 2. The
n*-type semiconductor region 3m corresponds to the n*-type
source region 3.

As shown 1 FIG. 6C, a metal layer 1s formed on the
insulating layer 35 by using a Sputtermg method. The
multiple openings OP3 and the opening OP4 are filled with
this metal layer. The source electrode 42 and the gate pad 43
are formed by patterning this metal layer. A lower surface of
the n™-type semiconductor region Sm 1s ground until the
n*-type semiconductor region Sm has a predetermined thick-
ness. As shown 1n FIG. 6D, a metal material 1s deposited on
the ground lower surface of the n™-type semiconductor
region Sm by using the sputtering method to form the drain
clectrode 41. Through the above processes, the semiconduc-
tor device 100 shown 1n FIG. 1 to FIG. 3B 1s manufactured.

With respect to the trenches T1 and T2 formed by the
process shown 1 FIG. 4A, a dimension 1n the X-direction of
the trench T2 1s longer than a dimension 1n the X-direction
of the trench T1. Thereby, as shown 1 FIG. 6A, a first
distance 1n the X-direction between a step stl and the p-type
semiconductor region 2 can be long. The step stl 1s formed
between an upper surface of the insulating layer 11 and an
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upper surface of the first conductive part 21. When the first
distance becomes long, a second distance 1n the X-direction
between a step st2 formed on an upper surface of the
insulating layer 35m and p-type semiconductor region 2w
becomes longer. When the step st2 i1s present, a step st3 1s
generated on a surface of the photoresist PR. When the
second distance becomes long, a position of the step st3 can
be shifted to the outer circumierence side of the semicon-
ductor substrate S from a position where the opening OP2 1s
formed.

A thickness of a portion where the step st3 of the
photoresist PR 1s present 1s larger than a thickness of other
portion of the photoresist PR such as on the gate electrode
14. Therefore, if the position of the step st3 overlaps the
position ol the opening OP2, the photoresist PR 1s not
removed sufliciently when forming the opening OP2, and
there 1s a possibility that the isulating layer 35m 1s not
exposed. In the case where the insulating layer 35m 1s not
exposed through the opening OP2, the opening OP4 is not
formed adequately. As a result, there 1s a possibility that the
first conductive part 21 1s not connected to the source
clectrode 42. As described above, the opening OP4 can be
tformed adequately by shifting the position of the step st3
from the position where the opening OP2 is formed.

The eflect of the first embodiment will be described with
reference to FIG. 7A to FIG. 9.

FIGS. 7A to 7C are circuit diagrams illustrating electric
circuits 1n which the semiconductor device according to the
first embodiment 1s connected.

FIG. 8 1s a graph showing a current and a voltage in the
semiconductor device 1n the electric circuit shown 1n FIG. 7.

FIG. 9 1s a plan view schematically showing a flow of a
hole 1n the semiconductor device according to the first
embodiment.

Semiconductor regions other than the n™-type semicon-
ductor region 1 and the p-type base region 2 are omitted 1n
FIG. 9.

In the examples shown in FIG. 7A to FIG. 7C, two
semiconductor devices 100-1 and 100-2 according to the
embodiment are used, and a half bridge circuit 1s formed.
FIG. 7A shows an aspect 1n which the semiconductor device
100-1 1s 1n an ON state and the semiconductor device 100-2
1s 1n an OFF state. In the semiconductor device 100-1, an
ON current I, flows.

When the semiconductor device 100-1 1s turned off 1n a
state shown 1n FIG. 7A, an induced electro motive force due
to an inductance L 1s generated. Thereby, as shown in FIG.
7B, a forward current 1. flows 1n a diode composed of the
n~-type semiconductor region 1 and the p-type base region
2 of the semiconductor device 100-2. At this time, a hole 1s
injected from the source electrode 42 to the n™-type semi-
conductor region 1, and an electron 1s 1njected from the drain
clectrode 14 to the n™-type semiconductor region 1.

When the forward current runs out in the diode of the
semiconductor device 100-2, a carrier stored inside the
semiconductor device 100-2 1s discharged. At this time, the
hole stored in the n™-type semiconductor region 1 1s dis-
charged to the source electrode 42. The electron 1s dis-
charged to the drain electrode 41. The carrier 1s discharged
from the semiconductor device 100-2, and thus as shown 1n
FIG. 7C, a reverse recovery current I, flows in the semi-
conductor device 100-2. The reverse recovery current I,
flows from the drain electrode 41 toward the source elec-
trode 42.

In FIG. 8, a solid line represents a current flowing in the
semiconductor device 100-2. A broken line represents a
voltage of the drain electrode 41 to the source electrode 42.
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The horizontal axis represents a time, and the vertical axis
represents a current value. The current value 1s represented
by taking a direction from the drain electrode 41 toward the
source electrode 42 as positive.

As shown 1n FIG. 8, 1f the forward current runs out at a
timing tl, thereaiter, the reverse recovery current starts to
flow. The voltage of the drain electrode 41 to the source
clectrode 42 of the semiconductor device 100-2 starts to
increase. At this time, a serge voltage Vs 1s generated in the
voltage V depending on dl,/dt of a slope of the reverse
recovery current decrease. If the dl./dt 1s large, the serge
voltage Vs also increases. It the serge voltage Vs 1s large, a
parasitic NPN transistor composed of the n™-type source
region 3, the p-type base region 3, and the n™-type semi-
conductor region 1 1s easy to operate. If the parasitic NPN
transistor operates, a large current flows 1n the semiconduc-
tor device, and there 1s a possibility that the semiconductor
device 1s destroyed. Therefore, the dl./dt 1s desired to be
small.

A portion of the injected carrier at the diode operation 1s
stored 1n the outer circumierence of the type semiconductor
region 1 as well. The hole stored 1n the outer circumierence
of the n™-type semiconductor region 1 moves to the near
p-type base region 2 at the reverse recovery operation and 1s
discharged to the source electrode 42. Therefore, more holes
than holes 1n other portion flow 1n the p-type base region 2
provided on the outer circumierence. Therefore, the poten-
tial of the p-type base region 2 1s easy to rise, and the
parasitic NPN transistor 1s more easily operated.

With respect to this problem, 1n the semiconductor device
100, the multiple first conductive parts 21 are provided on
the second region 16 of the n™-type semiconductor region 1.
The multiple first conductive parts 21 are separated one
another. The multiple first conductive parts 21 are electri-
cally connected to the source electrode 42 or the gate
clectrode 14 (gate pad 43). That 1s, when the semiconductor
device 100 1s 1n the OFF state, the potential of the first
conductive part 21 1s negative to the hole.

According to this configuration, a portion of the holes h
stored 1n the outer circumiference of the n™-type semicon-
ductor region 1 passes between the first conductive parts 21
and flows to the p-base base region 2 as shown by a broken
line arrow of FIG. 9. Another portion of the holes h 1s
trapped 1n the vicinity of the first insulating part 31 as shown
by a dotted line arrow. The trapped holes h flow to the p-type
base region 2 with taking a long time in comparison with the
non-trapped holes h.

In thus way, the multiple first conductive parts 21 sepa-
rated one another are provided, and thus variations 1n time
until the holes h arrive at the p-type base region 2 can be
large. As a result, the dl/dt shown 1n FIG. 8 can be small,
and the possibility that the semiconductor device 1is
destroyed by the operation of the parasitic NPN transistor
can be reduced.

As shown 1 FIG. 9, a length L1 in the X-direction of the
first conductive part 21 1s desired to be longer than a length
[.2 1n the X-direction of the gate electrode 14. The length L1
1s long, and thus the holes h are easily trapped 1n the vicinity
of the first insulating part 31, and the dI,/dt can be further
small.

A distance D1 1n the X-direction between the first 1nsu-
lating parts 31 1s desired to be the same as a distance D2 1n
the X-direction between the gate msulating parts 135 or to be
shorter than the distance D2. The distance D1 1s, for
example, the same as a length 1n the Y-direction of a portion
between the first insulating parts 31 of the n™-type semicon-
ductor region 1. The distance D2 1s, for example, the same
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as a length 1n the X-direction of a portion between the gate
insulating parts 15 of the n™-type semiconductor region 1.
The distance D2 1s, for example, the same as a length in the
X-direction of the p-type base region 2 between the gate
insulating parts 15.

For example, a thickness of the first insulating part 31 1s
larger than a thickness of the gate insulating part 15. In such
a case, when the semiconductor device 100 1s turned ofl, in
the n™-type semiconductor region 1 in the vicinity of the first
1nsulat1ng part 31, a depletion layer 1s hard to broaden more
than in the n™-type semiconductor region 1 in the vicinity of
the gate clectrode 14 and the FP electrode 10. If the distance
D1 1s long 1n the configuration of the multiple first conduc-
tive parts 21 separated one another, the n™-type semicon-
ductor region 1 between the first insulating parts 31 1s hard
to be depleted. As a result, there 1s a possibility that a
breakdown voltage of the semiconductor device 100 1s
decreased.

In order to facilitate depletion of the n™-type semicon-
ductor region 1 between the first insulating parts 31 and to
suppress the breakdown voltage of the semiconductor device
100 from decreasing, the distance D1 1s desired to be not
more than the distance D2. The distance D1 1s more pret-
erably to be less than the distance D2. Thereby, the n™-type
semiconductor region 1 between the first insulating parts 31
1s more easily depleted, and the breakdown voltage of the
semiconductor device 100 can be suppressed from decreas-
ng.

A distance D3 1n the Y-direction between the first insu-
lating part 31 and the second insulating part 32 1s desired to
be the same as the distance D2 or to be shorter than the
distance D2. The distance D3 1s, for example, the same as a
length 1 the Y-direction of a portion between the first
insulating part 31 and the second insulating part 32 of the
n~-type semiconductor region 1. According to this configu-
ration, the breakdown voltage of the semiconductor device
100 can be suppressed from decreasing as well as the above.
(Variation)

FIG. 10 1s a plan view showing a semiconductor device
according to a variation of the first embodiment.

FIG. 11 1s an A-A' cross-sectional view of FIG. 10.

The plan view of FIG. 10 shows a cross section at a B-B'
line of FIG. 11.

As shown 1n FIG. 10, a semiconductor device 110 accord-
ing to the variation of the first embodiment further includes
multiple third conductive parts 23. The multiple conductive
parts 23 are separated in the Y-direction one another. The
respective third conductive parts 23 extend in the X-direc-
tion. A portion of the respective third conductive parts 23 1s
positioned under the gate pad 43.

A portion of the gate electrode 14 is positioned in the
X-direction between the multiple first conductive parts 21
and the multiple third conductive parts 23. A portion of the
second conductive parts 22 1s provided under the gate pad
43. The multiple third conductive parts 23 are positioned 1n
the Y-direction between the first conductive parts 21 and the
portion of the second conductive parts 22 and between the
multiple gate electrodes 14 and another portion of the
second conductive parts 22. A length 1n the X-direction of
the third conductive parts 23 is longer than lengths in the
X-direction of the respective gate electrodes 14 and the first
conductive parts 21.

As shown in FIG. 11, the third conductive part 23 1s
provided on the second region 15 via the third insulating part
33. The third conductive part 23 opposes a portion of the
n~-type semiconductor region 1 via the third insulating part
33 in the X-direction and the Y-direction. The gate pad 43 1s
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provided on the third conductive part 23 via an insulating
part 36. The third conductive part 23 is electrically con-

nected to the source electrode 42. The third conductive part
23 may be electrically connected to the gate electrode 14 and
the gate pad 43.

When a current tlows 1n the diode of the semiconductor
device 100, carriers are also stored 1n the n™-type semicon-
ductor region 1 under the gate pad 43. Holes stored under the
gate pad 43 tlow to the p-type base region 2 close to the gate
pad 43. Therefore, 1n the p-type base region 2 close to the
gate pad 43, the potential 1s easy to rise, and the parasitic
NPN transistor 1s more easily to operate.

As shown 1n FIG. 10, the multiple third conductive parts
23 are provided, and thus similar to the multiple first
conductive parts 21, a portion of the holes h can be trapped
when the holes h are discharged to the source electrode 42.
Thereby, the operation of the parasitic NPN transistor near
the gate pad 43 can be suppressed, and the possibility that
the semiconductor device 1s destroyed can be further
reduced.

Second Embodiment

FIG. 12 1s a plan view showing a semiconductor device
according to a second embodiment.

FIGS. 13A and 13B are an A-A' cross-sectional view and
a B-B' cross-sectional view of FIG. 12.

FIG. 14 1s a C-C' cross-sectional view of FIG. 12.

The plan view of FIG. 12 shows a cross section at a D-D'
line of FIG. 13A.

In a semiconductor device 200 according to a second
embodiment, as shown in FIG. 12, the multiple first con-
ductive parts 21 are separated one another 1n the X-direction.
The multiple first conductive parts 21 are arranged with the
multiple gate electrodes 14 in the Y-direction. The second
conductive parts 22 are arranged with the gate electrodes 14
and the first conductive parts 21 in the X-direction.

In the example shown in FIG. 12, the multiple gate
clectrodes 14 are positioned in the Y-direction between a
portion of the multiple first conductive parts 21 and another
portion of the multiple first conductive parts 21. At least a
portion of the respective gate electrodes 14 1s positioned
between the second conductive part 22 and the other second
conductive part 22.

As shown 1n FIG. 13A, for example, a distance D35 in the
X-direction between the gate insulating part 15 and the
second insulating part 32 1s the same as a distance D6
between the gate insulating parts 15. For example, as shown
in FIG. 13B, a distance D7 1n the X-direction between the
first insulating part 31 and the second insulating part 32 is
the same as a distance D8 between the first insulating parts
31. Alternatively, the distance D8 is shorter than the distance
D6. A length L3 (shown 1n FIG. 14) 1n the Y-direction of the
first conductive part 21 1s longer than a length .4 (shown 1n
FIG. 13A) 1n the X-direction of the gate electrode 14.

Also 1 the embodiment, the multiple first conductive
parts 21 are provided, and thus similar to the first embodi-
ment, 1t 1s possible to increase variations in time until the
holes h reach the p-type base region 2. Thereby, the dl/dt
in the reverse recovery operation can be small, and the
possibility that the semiconductor device 1s destroyed by the
operation of the parasitic NPN transistor can be reduced.

In the semiconductor device according to the second
embodiment, similar to the semiconductor device 110, the
multiple third conductive parts 23 may be provided under
the gate pad 43. In such a case, the multiple third conductive
parts 23 are separated one another 1n the X-direction. The
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multiple third conductive parts 23 are provided, and thus the
operation of the parasitic NPN transistor near the gate pad 43
can be suppressed, and the possibility that the semiconduc-
tor device 1s destroyed can be further reduced.

In order to improve the breakdown voltage, the multiple
first conductive parts 21 are desired to be arranged in the
Y-direction such as the semiconductor device 100. This
point will be described with reference to FIGS. 15A to 15D.

FIGS. 15A to 15D are plan views showing a portion of the
semiconductor device according to the first embodiment and
a portion of the semiconductor device according to the
second embodiment.

In the examples shown in FIGS. 15A to 15D, a distance
between the msulating parts 11, a distance between the first
insulating parts 31, a distance between the insulating part 11
and the first insulating part 31, a distance between the
insulating part 11 and the second msulating part 32, and a
distance between the first imnsulating part 31 and the second
insulating part 32 are the same one another.

FIG. 15A shows the vicimity of an end portion of the
semiconductor device 200 in the Y-direction. FIG. 15B
shows the vicinity of an end portion in the X-direction of the
semiconductor device 200. As shown 1n FIG. 15A, a dis-
tance D11 is 1/v2 times of the distance D. The distance D11
1s a distance between the respective msulating parts and a
center point C1 among one pair of first insulating parts 31
and one pair of insulating parts 11. The distance D 1s a
distance between the insulating parts 11.

On the other hand, as shown 1n FIG. 15B, a distance D12
is 1/V3 times of the distance D. The distance D12 is a
distance between the respective insulating parts and a center
point C2 among the insulating part 11, the first mnsulating
part 31, and the second insulating part 32.

That 1s, the distance D11 1s diferent from the distance
D12, and longer than the distance D12. A diflerence between
the distance D11 and the distance D 1s larger than a differ-
ence between the distance D12 and the distance D. If
differences of these distances are large, variations are gen-
erated 1n spreading of the depletion layer, and the breakdown
voltage of the semiconductor device may decrease.

FIG. 15C shows the vicimity of an end portion of the
semiconductor device 100 in the Y-direction. FIG. 15D
shows the vicinity of an end portion of the semiconductor
device 100 1n the X-direction. As shown 1n FIG. 15C, a
distance D13 is 1/V3 times of the distance D. The distance
D13 1s a distance between the respective isulating parts and
a center point C3 among one pair of first insulating parts 11
and the second insulating part 32.

As shown in FIG. 15D, a distance D14 is 1/V3 times of the
distance D between the insulating parts 11. The distance D14
1s a distance between the respective msulating parts and a
center point C4 among the gate msulating layer 15 and one

pair of first insulating parts 31.
That 1s, the distance D13 1s the same as the distance D14.

In comparison with the semiconductor device 200, a difler-
ence between the distance D and each of the distance D13
and the distance D14 1s smaller than the difference between
the distance D11 and the distance D.

Because of this, in the semiconductor device 100, a
difference between spreading of the depletion layer 1n the
vicinity of the first msulating part 31 and spreading of the
depletion layer 1n the vicinity of the second insulating part
32 can be small. Therefore, even if the multiple first con-
ductive parts 21 are separated one another, the breakdown
voltage can be suppressed from decreasing.

Third Embodiment

FIG. 16 1s a plan view showing a semiconductor device
according to a third embodiment.
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In a semiconductor device 300 according to a third
embodiment, the multiple first conductive parts 21 are
arranged with the gate electrodes 14 1n the X-direction. The
multiple first conductive parts 21 are separated in the
Y-direction one another. The multiple second conductive
parts 22 are arranged with the multiple gate electrodes 14 in
the Y-direction. The multiple second conductive parts 22 are
separated 1n the X-direction one another.

In the example shown in FIG. 16, the multiple gate
clectrodes 14 are positioned in the X-direction between a
portion of the multiple first conductive parts 21 and another
portion of the multiple first conductive parts 21. The mul-
tiple gate electrodes 14 are positioned in the Y-direction
between a portion of the multiple second conductive parts 22
and another portion of the multiple second conductive parts
22.

The multiple first conductive parts 21 and the multiple
second conductive parts 22 are provided, and thus 1t 1s
possible to increase variations in time until the holes h
arrives at the p-type base region 2 in a broader range of the
outer circumierential part of the n -type semiconductor
region 1. Thereby, the possibility that the semiconductor
device 1s destroyed by the operation of the parasitic NPN
transistor can be further reduced.

In the embodiments described above, relative high and
low concentrations of impurities between the respective
semiconductor regions are possible to be confirmed by using,
SCM (Scanning Electrostatic Capacitance Microscopy).
Carrier concentrations 1n the respective semiconductor
regions can be regarded to be equal to the activated impurity
concentrations in the respective semiconductor regions.
Theretfore, relative high and low concentrations of carriers
between the respective semiconductor regions are also pos-
sible to be confirmed by using SCM (Scanning Flectrostatic
Capacitance Microscopy).

Impurity concentrations in the respective semiconductor
regions are possible to be measured, for example, by SIMS
(Secondary Ion Mass Spectroscopy).

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes 1n the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the invention,

What 1s claimed 1s:

1. A semiconductor device, comprising:

a first electrode;

a first semiconductor region provided on the first elec-
trode, the first semiconductor region including a first
region and a second region arranged along the first
clectrode, the second region surrounding the first
region, the first semiconductor region being of a first
conductivity type;

a second semiconductor region provided selectively on
the first region of the first semiconductor region, the
second semiconductor region being of a second con-
ductivity type;

a third semiconductor region provided on the second
semiconductor region, the third semiconductor region
of the first conductivity type, the first to third semicon-
ductor regions being arranged 1n a first direction per-
pendicular to the first electrode;
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a second electrode provided on the third semiconductor
region, the second electrode being electrically con-
nected to the second semiconductor region and the third

semiconductor region;

a gate electrode provided selectively on the first region of
the first semiconductor region, the gate electrode
opposing the second semiconductor region via a gate
insulating part 1n a second direction perpendicular to
the first direction; and

a plurality of conductive parts provided in the second
region of the first semiconductor region, the plurality of
conductive parts provided around the second semicon-
ductor region and the gate electrode, the plurality of
conductive parts being separated from each other, the
plurality of conductive parts being electrically con-
nected to the second electrode or the gate electrode, the
plurality of conductive parts including a plurality of
first conductive parts and a plurality of second conduc-
tive parts,

the plurality of first conductive parts being arranged along
the second semiconductor region in a third direction
perpendicular to the first and second directions, the
plurality of first conductive parts being electrically
isolated from the first and second semiconductor
regions by a first insulating part,

the plurality of second conductive parts and the gate
clectrode being arranged 1n the third direction, the gate
clectrode being provided between the adjacent second
conductive parts of the plurality of second conductive
parts 1in the third direction, the plurality of second
conductive parts being electrically 1solated from the
first semiconductor region by a second insulating part.

2. The device according to claim 1, wherein one of the

plurality of first conductive parts has a length 1n the second
direction, the length of the one of the plurality of first
conductive parts being longer than a length of the gate
clectrode 1n the second direction.

3. The device according to claim 1, wherein

the gate electrode includes a plurality of parts arranged 1n
the second direction, the plurality of parts being sepa-
rated from each other:;

the second semiconductor region including a portion
between the adjacent parts of the gate electrode, the
portion of the second semiconductor region having a
width 1n the second direction between the adjacent
parts of the gate electrode; and

the first semiconductor region including a portion
between the adjacent first conductive parts of the
plurality of first conductive parts arranged 1n the third
direction, the portion of the first semiconductor region
having a width 1n the third direction, the width of the
portion of the first semiconductor region being not
more than the width of the portion of the second
semiconductor region in the second direction.

4. The device according to claim 1, further comprising:

a third electrode provided above the second region of the
first semiconductor region, the third electrode being
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separated from the second electrode, the third electrode
being electrically connected to the gate electrode,
wherein

the plurality of conductive parts further includes a third
conductive part provided between the third electrode
and the second region of the first semiconductor region,
the third conductive part being electrically 1solated
from the first semiconductor region by a third insulat-
ing part.

5. The device according to claim 4, wherein

the plurality of first conductive parts each has a first length
in the second direction, and the third conductive part
has a third length in the second direction, the first
length being shorter than the third length.

6. The device according to claim 1, further comprising:

a conductive plate provided in the first insulating part, the
conductive plate being provided between the second
semiconductor region and each of the plurality of first
conductive parts, the conductive plate being electrically
1solated from the first semiconductor region, the second
semiconductor region and each of the plurality of first
conductive parts by the first insulating part.

7. The device according to claim 1, wherein

the plurality of first conductive parts includes a first line
arrangement of {irst conductive parts in the third direc-
tion and a second line arrangement of first conductive
parts 1n the third direction, and

the gate electrode 1s provided between the first line
arrangement of first conductive parts and the second
line arrangement of first conductive parts.

8. The device according to claim 1, wherein

the plurality of second conductive parts includes a first
second conductive part and a second second conductive
part; and

the gate electrode and the second semiconductor region
are provided between the first second conductive part
and the second second conductive part.

9. The device according to claim 1, further comprising:

a fourth semiconductor region provided on the second
semiconductor region,

the fourth semiconductor region being of the second
conductivity type,

an 1mpurity concentration of the second conductivity type
in the fourth semiconductor region i1s higher than an
impurity concentration of the second conductivity type
in the second semiconductor region.

10. The device according to claim 1, further comprising:

a fifth semiconductor region provided between the first
clectrode and the first semiconductor region and elec-
trically connected to the first electrode,

the fifth semiconductor region being of the first conduc-
tivity type,

an 1mpurity concentration of the first conductivity type 1n
the fifth semiconductor region 1s higher than an 1impu-
rity concentration of the first conductivity type in the
first semiconductor region.

G o e = x
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